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1. Introduction
1.1. Chemopreventive role of food peptides
Cancer is a major killer in today's world accounting for around 13% of all deaths according
to the World Health Organisation. It has been estimated that by 2020, approximately 17
million new cancer cases will be diagnosed, and 10 million cancer patients will die [1].
Epidemiological evidence has demonstrated that as many as 35% of these cancer cases may
be related to dietary factors, and thus modifications of nutritional and lifestyle habits can
prevent this disease [2]. Cell experiments, animal models and human trials have revealed
that a large number of natural compounds present in the diet could lower cancer risk and
even, sensitize tumor cells against anti-cancer therapies [3]. Therefore, knowledge on the
effect of diet components on health will bring new opportunities for chemoprevention
through intense alterations in diet regimens.
In the last few years, food proteins and peptides have become one group of nutraceuticals
with demonstrated effects preventing the different stages of cancer, including initiation,
promotion, and progression [4]. Certain advantages over alternative chemotherapy
molecules, such as their high affinity, strong specificity for targets, low toxicity and good
penetration of tissues, have made food proteins and peptides a new and promising
anticancer strategy [5].
Protease inhibitors are found in plant tissues, particularly from legumes. One of the most
extensively studied inhibitors in the field of carcinogenesis is the soybean derived BowmanBirk protease inhibitor (BBI). It is a 71-amino acids polypeptides which chemopreventive
properties have been demonstrated in both in vitro and in vivo systems [6]. As a result of this
evidence, BBI acquired the status of "investigational new drug" from the Food and Drug
Administration in 1992, and since then, large-scale human trials are being carried out to
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evaluate its use as an anticarcinogenic agent in the form of BBI concentrate (BBIC) [7-9].
These studies have shown that BBIC is well-tolerated by the patients and led to promising
results for prostate and oral carcinomas.
Milk contains a number of proteins and peptides exhibiting chemopreventive properties. As
an example, lactoferrin is a well-known whey protein for its inhibitory action on cancer cells
proliferation, as well as for its antimicrobial, anti-inflammatory and antioxidant abilities
[10]. The protective effects of orally administered lactoferrin against chemically induced
carcinogenesis, tumor growth, and/or metastasis have been demonstrated in an increasing
number of animal model studies, thereby suggesting its great potential therapeutic use in
cancer disease prevention and/or treatment. Lactoferricin is a cationic peptide produced by
acid-pepsin hydrolysis of lactoferrin. Similarly to its source protein, lactoferricin has been
demonstrated, by cell culture and animal models, to exert anticarcinogenic properties
against different types of cancer, such as leukemia, colon, breast, and lung cancer, among
others [11]. This peptide acts through cell proliferation inhibition, apoptosis induction,
angiogenesis suppression, and modulation of protein expression involved in different
carcinogenesis pathways.
Recent studies have identified and characterized, peptides derived from animal and vegetal
sources as promising chemopreventive agents [12-14]. One of these peptides, called lunasin,
was identified in soybean and other plants and legumes. Studies performed in the last five
years have revealed lunasin’s properties in both cell culture and animal models, making it a
potential strategy for cancer prevention and/or therapy. The purpose of this chapter is to
summarize the evidence reported since lunasin’s discovery in 1997 on its possible benefits as
a chemopreventive agent as well as its demonstrated mechanisms of action.

2. Lunasin: Discovery and beyond
Lunasin has been described as a 43-amino acid peptide encoded within the soybean 2S
albumin. Its sequence is SKWQHQQDSCRKQLQGVNLTPCEKHIMEKIQGRGDDDDD
DDDD, containing 9 Asp residues, and an Arg-Gly-Asp cell adhesion motif [15]. Lunasin
was first identified in the soybean seed, with variable concentrations ranged from 0.5 to 8.1
mg lunasin/g seed [16,17]. This variation has been found to mainly depend on the soybean
genotype, suggesting the possibility of selecting and breeding varieties of soybean with
higher lunasin contents [16]. The stages of seed development have also been found to affect
lunasin’s concentration, and a notable increase occurs during seed maturation [18].
However, sprouting leads to a continuing decrease of lunasin with soaking time. Recent
studies have revealed the influence on lunasin content of environmental factors, such as
temperature, soil moisture and germination time, as well as of processing conditions [19-21].
Presence of lunasin has been demonstrated in commercial and pilot plant produced soybean
products, including soy milk, infant formula, high protein soy shake, tofu, bean curd,
soybean cake, tempeh, and su-jae (Table 1) [22,23]. Results from these studies establish the
influence on lunasin concentration in the food products of different parameters, such as the
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soy genotype, the environmental factors, the manufacturing process and the storage
conditions. Thus, these parameters might be used to control the content of this bioactive
peptide.

Type of sample
Regular soymilk

Organic soymilk

Soy formula

Composition-main ingredients
Soybeans
Soybeans
Soybeans
Whole soybeans
Soybeans, soybean oil, soy lecithin
Soy flour, Stevia sweetened
Soy flour, Stevia sweetened
Whole soybeans, filtered water
Whole soybeans, filtered water
Whole soybeans, filtered water
Whole soybeans
Whole soybeans
Soybeans, soy lecithin
Soybeans, calcium fortified
Aqueous extract of soybeans
Organic soybeans, malted wheat and
barley extract
Organic soybeans, malted wheat and
barley extract
Organic soybeans
Organic soybeans
Organic soybeans
Organic soybeans, rice syrup
Organic soybeans, soy protein isolate
Organic soybeans, malt syrup
Organic soybeans, barley extract
Whole organic soybeans, isoflavones
Organic soybeans
Organic soybeans, calcium fortified
Whole organic soybeans, calcium
enriched
Whole organic soybeans, calcium
enriched
Organic soybeans
Organic soybeans
Corn syrup, soy protein isolate
Corn syrup, soy protein
Rice syrup, soy protein concentrate
Soy protein isolate, soy oil, iron fortified

Lunasin
Reference
(mg/100 g product)
15.7  1.3
[22]
12.3  0.8
[22]
11.8  1.3
[22]
9.3  0.3
[23]
9.2  1.7
[23]
7.0  0.1
[23]
6.3  0.2
[23]
7.9  0.0
[23]
6.3  0.1
[23]
6.1  0.1
[23]
6.0  0.6
[23]
2.2  0.1
[23]
5.2  0.7
[23]
1.8  0.3
[23]
2.3  0.4
[23]
18.9  2.6

[22]

14.2  1.1

[22]

13.8  2.6
14.4  2.4
14.7  0.8
13.7  0.9
13.9  1.0
18.3  2.4
10.7  0.8
9.1  0.1
8.8  0.0
8.2  0.0

[22]
[22]
[22]
[22]
[22]
[22]
[22]
[23]
[23]
[23]

5.6  0.7

[23]

5.4  0.6

[23]

3.8  0.6
2.9  0.8
4.1  0.4
2.8  0.2
1.5  0.1
8.9  0.4

[23]
[23]
[22]
[22]
[22]
[23]
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Type of sample

Soft Tofu
Soft Tofu
Silken Tofu
Kinugoshi
Silken Tofu
Silken Tofu
Medium firm Tofu
Organic Medium
firm Tofu
Firm Tofu
Extra firm tofu
Chinese style
Baked tofu
Fried tofu
Dry tofu
Soy shake

Lunasin
Reference
(mg/100 g product)
Soy protein isolate, soy oil, iron fortified
8.1  0.4
[23]
Soy protein isolate, iron fortified
7.3  0.4
[23]
Soybeans
9.6  0.9
[22]
Soybeans
7.3  1.0
[22]
Composition-main ingredients

Soybeans

9.6  0.7

[22]

Soybeans
Soybeans
Soybeans

4.4  0.5
3.7  0.5
14.3  1.8

[22]
[22]
[22]

Soybeans

6.7  1.3

[22]

Soybeans

3.5  0.2

[22]

Soybeans

3.7  0.1

[22]

5.5  0.3
0.4  0.1
2.5  0.3
1.3  0.01
1.3  0.01

[22]
[22]
[22]
[23]
[23]

2.0  0.04

[23]

3.6  0.02

[23]

n.d.
8.2  0.4

[22]
[22]

6.1  0.4

[22]

n.d.
9.5  1.0
n.d.

[22]
[22]
[22]

1.9  0.3

[22]

1.1  0.2

[22]

Soybeans, soy sauce (wheat)
Soybean, soybean oil, soy sauce
Soybeans
Soy and milk, chocolate flavored
Soy, milk, vanilla flavored
Soy protein isolate, milk, dark chocolate
flavored
Soy, sor protein isolate, chocolate
flavored
Organic tempeh
Soybeans, Rhizopus oligosporus
Soybeans, brown rice, R. oligosporus
Soybeans, flaxseed, brown rice, R.
oligosporus
Soybeans, brown rice, R. oligosporus
Marinated bean curd Soybeans, soy sauce
Soybean curd noodle Soybeans
Deep fried soybean
Soybeans, soybean oil
cake
Baked soybean cake Soybeans, soy sauce, sesame oil

Table 1. Type, composition, and lunasin content of soybean-derived foods

In search of natural sources of lunasin besides soybean, a first screening has been carried out
using different beans, grains and herbal plants. Lunasin has been found in cereal grains
known for its health effects, such as barley, wheat, and rye [24-27]. Several seeds of oriental
herbal and medicinal plants have been analyzed, finding that lunasin is present in all of the
Solanaceae family, except L. Chinensis, but not in any of the Phaseolus beans [28]. These
findings suggested the presence of lunasin or lunasin-like peptides in other grains and
plants. This peptide has been identified in Amaranth, a plant well-known and used by the
Aztecs for its high nutritional value and its biological properties [29]. A recent study has
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revealed the presence of lunasin in different Lupinus cultivated and wild species [30]. A
more rigorous and systematic search of lunasin and lunasin homologues in different seeds
should be need to carry out in order to establish a relation between the presence of this
peptide and the taxonomic properties of the plants.

2.1. Bioavailability of lunasin
One of the properties of an ideal cancer preventive agent is that it can be taken orally. This
means being able to survive degradation by gastrointestinal and serum proteinases and
peptidases, and to reach the target organ or tissue in an active form. Simulation of
gastrointestinal digestion of lunasin has demonstrated that, while synthetic pure lunasin is
easily hydrolyzed by pepsin and pancreatin, lunasin in soy protein is resistant to the action
of these enzymes. Bioavailability studies carried out with animals have confirmed the
preliminary results obtained by in vitro analysis. First studies carried out in mice and rats
fed lunasin-enriched soy protein found that 35% of ingested lunasin reaches the target
tissues and organs in an intact and active form [17,28]. Lunasin from rye and barley have
also shown stability towards pepsin and pancreatin in vitro digestion and the liver, kidney,
and blood of rats fed with lunasin-enriched rye or barley, respectively, contained this
peptide as detected by Western blot [26,27]. Naturally protease inhibitors, such as BowmanBirk protease inhibitor and Kunitz trypsin inhibitor have been demonstrated to exert a
protective effect on lunasin against digestion by gastrointestinal enzymes, playing this
protection a key role in making lunasin bioavailable [31]. These authors reported that
lunasin is bioavailable after its oral administration to mice, reaching different tissues,
including lung, mammary gland, prostate, and brain, where this peptide might exert is
chemopreventive effects. These authors also found that lunasin extracted from the blood
and liver of lunasin-enriched soy flour-fed rats was bioactive and able to suppress foci
formation in the same concentration as synthetic lunasin.
A clinical trial focused on evaluating lunasin’s bioavailability has demonstrated that in
healthy volunteer men, 4.5% of lunasin ingested in the form of soy protein reaches plasma
[32]. Results from this study are relevant in supporting future clinical trials to demonstrate
cancer preventive properties of lunasin.

3. Lunasin’s role as chemopreventive peptide
Peptide lunasin has demonstrated to exert promising chemopreventive properties against
different types of cancers by both cell culture and animal experiments (Table 2). First studies
performed with mammalian cells revealed that lunasin did not affect their morphology and
proliferation. However, this peptide acted preventing their transformation induced by
chemical carcinogens-7,12-dimethylbenz[a]anthracene (DMBA) and 3-methylcholanthrene
(MCA) [33,34], viral and ras-oncogenes [33,35,36]. These experiments made lunasin be
considered a “watchdog” agent in the cell nucleus that once the transformation event
occurs, it acts as a surrogate tumor suppressor that tightly binds to deacetylated core
histones disrupting the balance between acetylation-deacetylation, which is perceived by the
cell as abnormal and leads to cell death [37]. This first mechanism of action involving
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histone acetylation inhibition is considered as one of the most important epigenetic
modifications acting on signal transduction pathways involved in cancer development
[38,39]. When the cells are in the steady-state conditions, the core H3 and H4 histones are
mostly deacetylated, as a repressed state. When cells were treated with peptide lunasin and
well-known deacetylase inhibitor sodium butyrate, histone acetylation was inhibited in
C3H10T1/2 fibroblasts and breast cancer MCF-7 cells [33,36]. Furthermore, lunasin has been
demonstrated to compete with different histone acetyltransferase enzymes (HATs), such as
yGCN5 and PCAF, inhibiting the acetylation and repressing the cell cycle progression
[24,25,28]. Recently, we have reported that lunasin is a potent inhibitor of histones H3 and
H4 histone acetylation [40]. Lunasin’s inhibitory activity was found to be higher than that
demonstrated by other compounds, such as anacardic acid and curcumin, which
chemopreventive properties have been already reported [41-43]. Studies focused on
elucidating lunasin’s structure-activity relationship establish that lunasin’s sequence is
essential for inhibiting H4 acetylation whereas poly-D sequence is the main active sequence
responsible for H3 acetylation inhibition [40] (Table 3).
Although first studies only established lunasin’s capacity to act when transformation
process happens, studies performed in the last few years have demonstrated that this
peptide also acts on established cancer cells lines. This activity against different types of
cancer cell lines is summarized in this chapter. Moreover, results obtained from cancer
animal models are also included.

3.1. Chemopreventive properties against breast cancer
With a prevalence of about 4.4 million women and a lethality rate of more than 410,000 cases
per year, breast cancer is the most common cancer disease and the leading cause of death in
women worldwide [44]. Based on the prevalence of estrogen receptors (ER) within the cell,
breast cancer is categorized into the ER–positive type and the ER-negative type. About 7080% of all breast cancers are estrogen sensitive and they are treated by conventional
procedures including surgery, radiation chemotherapy, and estrogen analogues. However,
ER-negative tumors are more aggressive and resistant to treatments [45,46]. Therefore,
searching for new preventive and/or curative strategies for this type of breast cancer has
centered the interest of current investigations.

3.1.1. Lunasin against breast cancer in vitro
Up to one third on breast cancers that are initially ER-independent become resistant to
endocrine therapy during tumor progression [47]. Due to this emergence of hormoneresistance, it is necessary to search for alternative therapies. Lunasin has been demonstrated
to inhibit cell proliferation in ER-negative breast cancer MDA-MB-231 cells in a dosedependent manner, showing an IC50 value of 181 M [48]. Studies carried out to establish a
structure/activity relationship showed an IC50 value of 138 M for the 21 amino acid
sequence localized at the C-terminus of lunasin, thus being the main responsible for
lunasin’s inhibitory effect on breast cancer cells proliferation [40].
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Table 2. Biological effects of peptide lunasin demonstrated by cell culture experiments
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Table 3. Structure/activity relationship of lunasin and its derived fragments
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A plethora of chromatin alterations appears to be responsible for the development and
progression of various types of cancers, including breast cancer. Acetylation of specific lysine
residues in histones is generally linked to chromatin disruption and transcriptional activation
of genes [49]. In our studies, a dose-dependent inhibitory effect on H4 acetylation at positions
H4-Lys8 and H4-Lys12 was observed after treatment of lunasin at 75 M in MDA-MB-231
cells, reaching 17% and 19% inhibition, respectively, compared to control [40]. It should be
needed to extensively study the relevance of these results on lunasin’s chemopreventive
activity to provide data about its molecular mechanism of action on epigenetic alterations. It
would be useful to define new prognostic markers and therapeutic targets.
We have also demonstrated that lunasin modulates expression of different genes and
proteins involved in cell cycle, apoptosis and signal transduction [48]. A pivotal regulatory
pathway determining rates of cell cycle transition from G1 to S phase is the cyclin/cyclindependent kinases (CDK)/p16/retinoblastoma protein (RB) pathway. Over-expression of
cyclins D1 and D3 is one of the most frequent alterations present in breast tumors. Cyclins D
interacts with CDK4 or CDK6 to form a catalytically active complex, which phosphorylates
RB to free active E2F [50]. Inhibition of deregulated cell cycle progress in cancer cells is
being considered an effective strategy to delay or halt tumor growth. Lunasin up-regulates
RB gene expression [48], and inhibits RB phosphorylation [28], suggesting that both
transcriptional and post-translational modifications may be responsible for its inhibitory
effect on cancer cell cycle progression. Moreover, lunasin has been found to inhibit cell
proliferation, arrest the cell cycle in the S phase in 45%, and provokes a down-regulatory
effect on the mRNA levels of CDK2, CDK4, CDC25A, Caspase 8, and Ets2, Myc, Erbb2,
AKT1, PIK3R1 and Jun signaling genes in MDA-MB-231 cells [48]. Also, lunasin’s downregulatory action on levels of proteins, such as cyclin D1, cyclin D3, CDK4 and CDK6, might
also contribute on its breast cancer MDA-MB-231 cells cycle arrest effect [40]. The ability of
lunasin to modulate expression of genes and proteins involved in cell cycle, apoptosis and
signal transduction seems to play a relevant role in its properties against breast cancer.
However, further research should be needed to elucidate the complete molecular and
epigenetic mechanism of action in breast cancer.

3.1.2. Lunasin against breast cancer in vivo
Lunasin’s role as chemopreventive agent against breast cancer has also been demonstrated
in in vivo mouse models. Our first findings showed a relevant inhibitory effect of a lunasinenriched diet on mammary tumors development in DMBA-induced SENCAR mice [34].
Tumor generation and tumor incidence were reduced by 38% and 25%, respectively, in the
mice fed with lunasin-enriched diet (containing 0.23% lunasin) compared with control
group. Moreover, the tumor sections obtained from the lunasin-enriched group showed
slight stromal invasion and degree of morphological aggressiveness due to the effect of this
peptide contained in the soy protein preparation. Park and co-works have reported that
isoflavone-deprived soy peptides prevent DMBA-induced rat mammary tumorigenesis, as
well as inhibit the growth of human breast cancer MCF-7 cells in a dose-dependent manner,
and induce cell death [51]. Lunasin might be responsible for the effects reported by these
authors.
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A recent study has shown that lunasin reduces tumor incidence and generation in a
xenograft mouse model using human breast cancer MDA-MB-231 cells [31]. Lunasin’s
inhibitory effect on the tumor weight and volume was also reported by these authors. In
contrast, BBI showed no effect on tumor development. The tumor histological sections
obtained from the lunasin-treated group showed cell proliferative inhibition and cell
apoptosis induction. These first animal models consider lunasin as a new and promising
alternative to prevent and/or treat breast cancer.

3.1.3. Lunasin’s combinations as a novel strategy against breast cancer
Cancer chemotherapeutic strategies commonly require multiple agents to prevent and/or
treat cancer because of its ability to achieve greater inhibitory effects on cancer cells with
lower toxicity potential on normal cells [3]. In the last two decades, it has been recognized
the aspirin’s chemopreventive role against different types of cancer. However, aspirin use
has been associated with undesirable side effects, peptic ulcer complications, particularly
bleeding and mucosal injury [52,53]. Studies are searching new agents to be combined to
aspirin, increasing its effectiveness or decreasing its side effects. Our findings revealed that
lunasin potentiates aspirin’s cell proliferation inhibitory and apoptosis inducing properties
in MDA-MB-231 cells [48]. This combination regulates the genes expression encoding G1
and S-phase regulatory proteins and the extrinsic-apoptosis dependent pathway, at least
partially, through synergistic down-regulatory effects were observed for ERBB2, AKT1,
PIK3R1, FOS and JUN signaling genes. Moreover, additional studies have demonstrated
that lunasin/aspirin combination inhibits foci formation and cell proliferation in chemical
carcinogens DMBA and MCA induced-NIH/3T3 cells [54]. The effect was notably higher
than that observed when compounds of the combination acted as a single agent.
Anacardic acid is a natural compound found in the shell of the cashew nut. It has been
linked to anti-oxidative, anti-microbial, anti-inflammatory and anti-carcinogenic activities
[55,56]. Our findings revealed that lunasin/anacardic acid combination arrests cell cycle in Sphase and induces apoptosis at higher levels than that observed when each compound is
used individually. This combination also promotes the inhibition of ERBB2, AKT1, JUN and
RAF1 signaling genes expression. Synergistic effects have also been observed when lunasin
was combined with anacardic acid to treat breast cancer cells and chemical-induced
fibroblast cells [57].
The safety and efficacy of chronic use of these combinations should be further tested in
animal models and human studies to establish the optimal dose and duration of treatment.
Moreover, studies derived from these findings about mechanisms of action of these
lunasin’s combinations would open a new vision in the development of novel therapies
against breast cancer.

3.2. Lunasin’s chemopreventive properties against colon cancer
Colon cancer is the second leading cause of cancer death in the Western world. The high
incidence, morbidity and mortality of colon cancer make necessary the effective prevention

1997-2012: Fifteen Years of Research on Peptide Lunasin 13

of this disease. In the last years, pathogenesis of colorectal cancer has been elucidated,
giving the approach for development of new drugs to combat this malignancy.
Accumulating studies have shown the capability of bioactive food components to modulate
the risk of developing colon cancer [58]. Recently, lunasin’s potential chemopreventive role
has been also reported.

3.2.1. Lunasin against colon cancer in vitro
It has been demonstrated that lunasin causes cytotoxicity in four different human colon
cancer cell lines, KM12L4, RKO, HCT-116, and HT-29 cell, with IC50 values of 13.0 µM, 21.6
µM, 26.3 µM and 61.7 µM, respectively [59]. These values suggest that lunasin is most
potent killing the highly metastatic KM12L4 colon cancer cells than any other colon cell lines
used in this study. Moreover, lunasin was capable to provoke cytotoxic effects on the
oxaliplatin-resistant variants of these colon cancer cells [60]. Studies on mechanism of action
of this peptide have revealed that lunasin causes arrest of cell cycle in G2/M phase and
induction of the mitochondrial pathway of apoptosis. The cell cycle arrest was attributed
with concomitant increase in the expression of the p21 protein in HT-29 colon cancer cells,
while both p21 and p27 protein expressions were up-regulated by lunasin treatment in
KM12L4 colon cancer cells [59,61]. Moreover, treatment with lunasin decreased the ratio of
Bcl-2:Bax by up-regulating the expression of the pro-apoptotic Bax and down-regulating the
expression of the anti-apoptotic Bcl-2, also increasing the activity of caspase-3 [61]. This
might be attributed to the increase in the expression of the pro-apoptotic form of clusterin
which is positively affected by the increase p21 expression in cell nucleus. Treatment of
lunasin causes translocation of Bax into the mitochondrial membrane resulting in the release
of cytochrome c and the increase of the expression of cytosolic cytochrome c in KM12L4
cells. It was also demonstrated that treatment with lunasin provokes an increase in the
activity of caspase-9 and caspase-3 in both HT-29 and KM12L4 cells [59]. Furthermore,
lunasin has been showed to modify the expression of human extracellular matrix and
adhesion genes [59]. The Arg-Gly-Asp motif present in the lunasin structure is a recognition
site for integrin receptors present in the extracellular matrix (ECM). Integrins are
heterodimeric receptors associated with cell adhesion, and cancer metastasis [62]. Treatment
of KM12L4 cells with lunasin resulted in the modification on the expression of 62 genes
associated with ECM and cell adhesion [59]. These authors also reported that lunasin downregulated the gene expression of collagen type VII 1, integrin 2, matrix metalloproteinase
10, selectin E and integrin 5 by 10.1-, 8.2-, 7.7-, 6.5- and 5.0-fold, respectively, compared to
the untreated colorectal cancer cells. On the other hand, the expression of collagen type XIV
1 was up-regulated upon lunasin treatment by 11.6-fold. These results suggest a potential
role of peptide lunasin as an agent to combat metastatic colon cancer particularly in cases
where resistance to chemotherapy develops.

3.2.2. Lunasin against colon cancer in vivo
Colon cancer liver metastasis is a widely used model to study the effects of different
markers and chemotherapy on colon cancer metastasis. Recently, Dia & de Mejia (2011b)
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have reported that lunasin acts as chemopreventive agent against this type of metastasis
using colon cancer KM12L4 cells directly injected into the spleen of athymic mice [60].
Lunasin administered at concentration of 4 mg/kg body weight resulted in a significant
inhibition of liver metastasis of colon cancer cells, potentially because of its binding to 51
integrin and subsequent suppression of FAK/ERK/NF-B signalling. Lunasin was also
capable to potentiate the effect of oxaliplatin in preventing the outgrowth of metastasis.
Moreover, lunasin potentiated the effect of oxaliplatin in modifying expression of proteins
involved in apoptosis and metastasis including Bax, Bcl-2, IKK- and P65 [60]. These results
suggest that lunasin can be used as a potential integrin antagonist thereby preventing the
attachment and extravasation of colon cancer cells leading to its anti-metastatic effect. These
results open a new vision about the lunasin used in metastasis that might benefit to prolong
the survival of mice with metastatic colon cancer.

3.3. Lunasin’s chemopreventive properties against other type of cancers
Leukemia is considered to be the most common type of cancer in children. Leukemia
disrupts the normal reproduction and repair processes of white blood cells causing them to
divide too quickly before they mature and resulting in the arrest on the proper production
of all blood cells [63]. Chemopreventive properties of peptide lunasin have also been shown
in human leukaemia L1210 cells, with an IC50 value of 14 M [64]. Cell cycle analysis
performed by these authors showed that lunasin caused a dose-dependent G2 cell cycle
arrest and induction of apoptosis. The expressions of caspases-3, -8 and -9 were significantly
up-regulated by 12-, 6- and 6-fold, respectively, which resulted in the increase of percentage
of L1210 leukemia cells undergoing apoptosis from 2 to 40% [64].
Prostate cancer is one of the leading causes of cancer death in worldwide men. The
multistage, genetic, and epigenetic alterations nature of prostate cancer during disease
progression and the response to therapy, represent fundamental challenges in our quest to
understand and control this prevalent disease [65]. Recently, Galvez and co-workers have
studied lunasin’s effects on tumorigenic RWPE-1 and non-tumorigenic RWPE-2 human
prostate epithelial cells [66]. These authors observed that HIF1A, PRKAR1A, TOB1, and
THBS1 genes were up-regulated by lunasin in RWPE-1 but not in RWPE-2 cells, confirming
lunasin’s capacity to selectively act on cancer cells without affecting non-cancerous cells.
Moreover, lunasin specifically inhibited H4-Lys8 acetylation while enhanced H4-Lys16
acetylation catalyzed by HAT enzymes p300, PCAF, and HAT1A [66]. As a dietary peptide
capable of up-regulate gene expression by specific epigenetic modifications of the human
genome, lunasin is suggested to represent a novel food bioactive peptide with the potential
to reduce cancer risk.

4. Anti-inflammatory and antioxidant activities of lunasin
Inflammation and oxidative stress are two of the most critical factors implicated in
carcinogenesis and other degenerative disorders. Accumulating evidences have revealed
that chronic inflammation is involved in the development of approximately 15–20% of
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malignancies worldwide [67], being clearly associated with increased cancer risk and
progression [68]. Lunasin has been found to exert anti-inflammatory activity that might
contribute to its chemopreventive properties. First studies demonstrated that lunasin potently
inhibits lipopolysaccharide (LPS)-induced production of pro-inflammatory mediators
interleuquine-6 (IL-6), tumor necrosis factor-α (TNF-α), and prostaglandin (PG) E2 (PGE2) in
macrophage RAW 264.7 cells [69], through modulation of cyclooxygenase-2 (COX-2)/PGE2
and inducible nitric oxide synthase/nitric oxide pathways, and suppression of NF-B
pathways [70,71]. Larkins and co-workers (2006) have demonstrated that COX-2 inhibition can
decrease breast cancer cells motility, invasion and matrix metalloproteinase expression [72].
Abnormally up-regulated COX and PGs expression are features in human breast tumors, thus
lunasin might have a role in treatment and prevention of this kind of cancer. Moreover, the
same biological activity was observed for lunasin-like peptides purified from defatted soybean
flour by combination of ion-exchange chromatography and size exclusion chromatography.
These peptides showed potent anti-inflammatory activity by inhibiting LPS-induced RAW
264.7 cells through suppression of NF-B pathways [70,71]. Interestingly, Liu and Pan (2010)
used E. coli as a host to produce valuable bioactive lunasin that was also showed its antiinflammatory properties. The purified recombinant lunasin form E.coli expressed system
inhibits histone acetylation, and inhibits the production of pro-inflammatory cytokines, such
as TNF-α, interleukin-1β and nitric oxide in LPS-stimulated RAW 264.7 cells [73].
Large amounts of reactive oxygen species (ROS) have been shown to participate in the
etiology of several human degenerative diseases, including inflammation, cardiovascular
and neurodegenerative disorders, and cancer [74]. It is believed that persistent inflammatory
cells recruitment, repeated generation of ROS and pro-inflammatory mediators, as well as
continued proliferation of genomically unstable cells contribute to neoplasic transformation
and ultimately result in tumor invasion and metastasis [75]. Restoration/activation of
improperly working or repressed antioxidant machinery or suppression of abnormally
amplified inflammatory signaling can provide important strategies for chemoprevention.
Lunasin has been found to exert potent antioxidant properties, inhibiting linoleic acid
oxidation and acting as a potent free radical scavenger, and reducing LPS-induced production
of ROS by RAW 264.7 macrophage cells at a dose-dependent manner [69]. Recently, lunasin
purified from Solanum nigrum L. has been found to protect DNA from oxidative damage by
scavenging the generation of hydroxyl radical, as well as reducing Fe3+ to Fe2+ through
blocking fenton reaction and inhibiting linoleic acid oxidation [76]. Moreover, these authors
demonstrate lunasin’s suppresive effects on the production of intracellular ROS and
glutathione. Preliminary results indicate a similar inhibitory effect of ROS and GSH
productions was also observed in Caco2 cells [77]. This activity might contribute on lunasin’s
chemopreventive role against cancer and other oxidative stress-related disorders.

5. Production of lunasin
Although the potential anticancer effect of lunasin has been demonstrated for over a decade,
little progress has been made to test in vivo efficacy of purified lunasin in large-scale animal
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studies or human clinical trials. The main limitations of these studies have been the lack of a
method for obtaining gram quantities of highly purified lunasin from plant sources needed
to perform such studies. Chemical synthesis is a rapid and effective method to produce
lunasin in small quantities but the high cost and difficulties of the scale-up process makes
lunasin’s synthesis an economically impractical alternative. In addition, the process employs
chemicals that are potential environmental hazards. To date, the reported methods to isolate
and purify lunasin from soybean only allowed obtaining small quantities of this peptide at
80% purity [70]. However, recently, Cavazos and co-workers (2012) have developed an
improved method to isolate and purify lunasin from defatted soy flour, resulting in at least
95% purity [23]. Simultaneously, a large-scale method to generate highly purified lunasin
from defatted soy flour has been developed by Seber and co-workers (2012) [78]. This
method is based on the sequential application of anion-exchange chromatography,
ultrafiltration, and reversed-phase chromatography, obtaining preparations of > 99% purity
with a yield of 442 mg/kg of defatted soy flour. Moreover, these preparations show the same
biological activity than that reported for synthetic lunasin although the sequence contains
Asn as an additional C-terminal amino acid residue.
An additional alternative to increase lunasin content in soybean has been recently reported
[79]. This strategy aims to exploit the potential of sourdough lactic acid bacteria to release
lunasin during fermentation of cereal and non conventional flours. After fermentation,
lunasin from the water soluble extracts was increased up to 2-4 times, being Lactobacillus
curvatus SAL33 and Lactobacillus brevis AM7 the strains capable to release higher
concentrations of this peptide. This new strategy opens new possibilities for the biological
synthesis and for the formulation of functional foods containing bioactive lunasin.
The use of recombinant production by transgenic organisms is widely employed in industry
owing to their ease of use, robustness and costs, and has become the most effective system
for the production of long peptides and proteins. A recent study has explored efficient
recombinant production of lunasin by exploiting the Clostridium thermocellum CipB
cellulose-binding domain as a fusion partner protein [80]. This system resulted in yields of
peptide of up to 210 mg/L, but the authors consider that these yields might be increased in
bioreactors where oxygen and nutrients levels are tightly regulated.

6. Conclusions
Peptides are becoming a group of health-promoting food components with promising
chemopreventive and chemotherapeutic properties against cancer. Among them, peptide
lunasin, found in soybean and other plants, is turning into one of the most promising. This
peptide has been demonstrated its bioavailability after resisting gastrointestinal and serum
degradation, and reaching blood and target organs in an intact and active form. Efficacy of
lunasin against breast, colon, leukemia and prostate cancer using cell culture experiments
and animal models have been revealed in the last decade. These results make lunasin a good
candidate for a new generation of chemopreventive/chemotherapeutical agents derived
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from natural seeds. However, there is still much to be learned about the effects and
mechanisms of lunasin on cancer prevention/therapy. The major challenge on the use of
lunasin in treating cancer would be the conversion of existing results into clinical outcomes.
The next step should be to design clinical trials to confirm lunasin’s chemopreventive
properties against different types of cancer. Moreover, genomics, proteomics and
biochemical tools should be applied to complete elucidate its molecular mechanism of
action. Other aspects, such as searching for lunasin in other seeds, optimization of
techniques to enrich products with this peptide and studying lunasin's interactions with
other food constituents affecting its activity should also be conducted.

Author details
Blanca Hernández-Ledesma
Institute of Food Science Research (CIAL, CSIC-UAM, CEI UAM+CSIC), Madrid, Spain
Ben O. de Lumen and Chia-Chien Hsieh *
Department of Nutritional Science and Toxicology, University of California Berkeley, CA, USA

7. References
[1] Ferlay J, Shin HR, Bray F, Forman D, Mathers C, Parkin DM. GLOBOCAN 2008, Cancer
incidence and mortality worldwide: IARC Cancer Base No. 10 [Internet]. Lyon, France:
International Agency for Research on Cancer; 2010. Available from:
http://globocan.iarc.fr.
[2] Manson M. Cancer prevention – the potential for diet to modulate molecular signaling.
Trends in Molecular Medicine 2003;9:11-8.
[3] de Kok TM, van Breda SG, Manson MM. Mechanisms of combined action of different
chemopreventive dietary compounds. European Journal Nutrition 2008;47:51-9.
[4] de Mejia EG, Dia VP. The role of nutraceutical proteins and peptides in apoptosis,
angiogenesis, and metastasis of cancer cells. Cancer Metastasis Review 2010; 29:511-28.
[5] Bhutia SK, Maiti TK. Targeting tumors with peptides from natural sources. Trends in
Biotechnology 2008;26:210-7.
[6] Losso JN. The biochemical and functional food properties of the Bowman-Birk
Inhibitor. Critical Reviews in Food Science & Nutrition 2008;48:94-118.
[7] Armstrong WB, Kennedy AR, Wan XS, Atiba J, McLaren E, Meyskens FL. Single-dose
administration of Bowman-Birk inhibitor concentrate in patients with oral leukoplakia.
Cancer Epidemiology Biomarkers & Prevention 2000;9:43-7.
[8] Armstrong WB, Wan XS, Kennedy AR, Taylor TH, Meyskens FL. Development of the
Bowman-Birk inhibitor for oral cancer chemoprevention and analysis of neu
immunohistochemical staining intensity with Bowman-Birk inhibitor concentrate
treatment. Laryngoscope 2003;113:1687-702.
[9] Meyskens FL. Development of Bowman-Birk inhibitor for chemoprevention of oral
head and neck cancer. Cancer Prevention 2001;952:116-23.
*

Corresponding Author

18 Bioactive Food Peptides in Health and Disease

[10] Rodrigues L, Teixeira J, Schmitt F, Paulsson M, Lindmark Mansson H. Lactoferrin and
cancer disease prevention. Critical Reviews in Food Science and Nutrition 2009;49:203–17.
[11] Lizzi AR, Carnicelli V, Clarkson MM, Di Giulio A, Oratore A. Lactoferrin derived
peptides: mechanisms of action and their perspectives as antimicrobial and antitumoral
agents. Mini-reviews in Medicinal Chemistry 2009;9:687-95.
[12] Picot L, Bordenave S, Didelot S, Fruitier-Arnaudin I, Sannie F, Thorkelsson G, Berge JP,
Guerard F, Chabeaud A, Piot JM. Antiproliferative activity of fish protein hydrolysates
on human breast cancer cell lines. Process Biochemistry 2006;41:1217-22.
[13] Jang A, Jo C, Kang KS, Lee M. Antimicrobial and human cancer cell cytotoxic effect of
synthetic angiotensin-converting enzyme (ACE) inhibitory peptides. Food Chemistry
2007;107:327-36.
[14] Kannan A, Hettiarachchy NS, Lay JO, Liyanage R. Human cancer cell proliferation
inhibition by a pentapeptide isolated and characterized from rice bran. Peptides
2010;31:1629-34.
[15] Galvez AF, de Lumen BO. A soybean cDNA encoding a chromatin binding peptide
inhibits mitosis of mammalian cells. Nature Biotechnology 1999;17:495-500.
[16] de Mejia EG, Vasconez M, de Lumen BO, Nelson R. Lunasin concentration in different
soybean genotypes, commercial soy protein, and isoflavone products. Journal of
Agricultural and Food Chemistry 2004;52:5882-87.
[17] Jeong HJ, Jeong JB, Kim DS, de Lumen BO. Inhibition of core histone acetylation by the
cancer preventive peptide lunasin. Journal of Agricultural and Food Chemistry
2007;55:632-7.
[18] Park JH, Jeong HJ, de Lumen BO. Contents and bioactivities of lunasin, Bowman-Birk
inhibitor, and isoflavones in soybean seed. Journal of Agricultural and Food Chemistry
2005;53:7686-90.
[19] Wang WY, Dia VP, Vasconez M, de Mejia EG, Nelson RL. Analysis of soybean proteinderived peptides and the effect of cultivar, environmental conditions, and processing
on lunasin concentration in soybean and soy products. Journal of AOAC International
2008;91:936-46.
[20] Paucar-Menacho LM, Berhow MA, Mandarino JMG, de Mejia EG, Chang YK.
Optimisation of germination time and temperature on the concentration of bioactive
compounds in Brazilian soybean cultivar BRS 133 using response surface methodology.
Food Chemistry 2010;119:636-42.
[21] Paucar-Menacho LM, Berhow MA, Mandarino JMG, Chang YK, de Mejia EG. Effect of
time and temperature on bioactive compounds in germinated Brazilian soybean
cultivar BRS 258. Food Research International 2010; 43:1856-65.
[22] Hernandez-Ledesma B, Hsieh C-C, de Lumen BO. Lunasin and Bowman-Birk protease
inhibitor (BBI) in US commercial soy foods. Food Chemistry 2009;115:574-80.
[23] Cavazos A, Morales El, Dia VP, González de Mejia E. Analysis of lunasin in comercial
and pilot plant produced soybean products and an improved method of lunasin
purification. Journal of Food Science 2012;77:C539-45.
[24] Jeong HJ, Lam Y, de Lumen BO. Barley lunasin suppresses ras-induced colony
formation and inhibits core histone acetylation in mammalian cells. Journal of
Agricultural and Food Chemistry 2002;50:5903-8.

1997-2012: Fifteen Years of Research on Peptide Lunasin 19

[25] Jeong HJ, Jeong JB, Kim DS, Park JH, Lee JB, Kweon DH, Chung GY, Seo EW, de Lumen
BO. The cancer preventive peptide lunasin from wheat inhibits core histone acetylation.
Cancer Letters 2007;255:42-8.
[26] Jeong HJ, Lee JR, Jeong JB, Park JH, Cheong YK, de Lumen BO. The cancer preventive
seed peptide lunasin from rye is bioavailable and bioactive. Nutrition and Cancer
2009;61:680-6.
[27] Jeong HJ, Jeong JB, Hsieh C-C, Hernández-Ledesma B, de Lumen BO. Lunasin is
prevalent in barley and is bioavailable and bioactive in in vivo and in vitro studies.
Nutrition and Cancer 2010;62:1113-9.
[28] Jeong JB, Jeong HJ, Park JH, Lee SH, Lee JR, Lee HK, Chung GY, Choi JD, de Lumen
BO. Cancer-preventive peptide lunasin from Solanum nigrum L. inhibits acetylation of
core histones H3 and H4 and phosphorylation of retinoblastoma protein (Rb). Journal of
Agricultural and Food Chemistry 2007;55:10707-13.
[29] Silva-Sanchez C, de la Rosa APB, Leon-Galvan MF, de Lumen BO, de Leon-Rodriguez
A, de Mejia EG. Bioactive peptides in amaranth (Amaranthus hypochondriacus) seed.
Journal of Agricultural and Food Chemistry 2008;56:1233-40.
[30] Ramos Herrera OJ, Sepúlveda Jiménez G, López Laredo AR, Hernández-Ledesma B,
Hsieh C-C, de Lumen BO, Bermúdez Torres K. Identification of chemopreventive
peptide lunasin in some Lupinus species. Proceeding 13th International Lupin
Conference, June 6-10, 2011, Poznan, Poland.
[31] Hsieh C-C, Hernández-Ledesma B, de Lumen BO. Complementary roles in cancer
prevention: Protease inhibitor makes the cancer preventive peptide lunasin
bioavailable. PLoS ONE 2010;5:e8890.
[32] Dia VP, Torres S, de Lumen BO, Erdman JW, de Mejia EG. Presence of lunasin in
plasma of men after soy protein consumption. Journal of Agricultural and Food
Chemistry 2009;57:1260-6.
[33] Galvez AF, Chen N, Macasieb J, de Lumen BO. Chemopreventive property of a soybean
peptide (Lunasin) that binds to deacetylated histones and inhibit acetylation. Cancer
Research 2001;61:7473-8.
[34] Hsieh C-C, Hernández-Ledesma B, de Lumen BO. Soybean peptide lunasin suppresses
in vitro and in vivo 7,12-dimethylbenz[a]anthracene-induced tumorigenesis. Journal of
Food Science 2010;75:H311-6.
[35] Lam Y, Galvez AF, de Lumen BO. Lunasin suppresses E1A-mediated transformation of
mammalian cells but does not inhibit growth of immortalized and established cancer
cell lines. Nutrition and Cancer 2003;47:88-94.
[36] Jeong HJ, Park JH, Lam Y, de Lumen BO. Characterization of lunasin isolated from
soybean. Journal of Agricultural and Food Chemistry 2003;51:7901-6.
[37] de Lumen BO. Lunasin: A cancer preventive soy peptide. Nutrition Reviews 2005;63:16-21.
[38] Dwarakanath BS, Verma A, Bhatt AN, Parmar VS, Raj HG. Targeting protein
acetylation for improving cancer therapy. Indian Journal of Medicinal Research
2008;128:13-21.
[39] Dalvai M, Bystricky K. The role of histone modifications and variants in regulating gene
expression in breast cancer. Journal of Mammary Gland Biology and Neoplasia
2010;15:19-33.

20 Bioactive Food Peptides in Health and Disease

[40] Hernández-Ledesma, B, Hsieh C-C, de Lumen BO. Relationship between lunasin’s
sequence and its inhibitory activity of histones H3 and H4 acetylation. Molecular
Nutrition and Food Research 2011;55:989-98.
[41] Balasubramanyam K, Swaminathan V, Ranganathan A, Kundu TK. Small molecule
modulators of histone acetyltransferase p300. Journal of Biological Chemistry
2003;278:19134-40.
[42] Balasubramanyam K, Altaf M, Varier RA, Swaminathan V, Ravindran A, Sadhale PP,
Kundu TK. Polyisoprenylated benzophenone, garcinol, a natural histone
acetyltransferase inhibitor, represses chromatin transcription and alters global gene
expression. Journal of Biological Chemistry 2004;279:33716-26.
[43] Balasubramanyam K, Varier RA, Altaf M, Swaminathan V, Siddappa NB, Ranga U,
Kundu TK. Curcumin, a novel p300/CREB-binding protein-specific inhibitor of
acetyltransferase, represses the acetylation of histone/nonhistone proteins and histone
acetyltransferasedependent chromatin transcription. Journal of Biological Chemistry
2004;279:51163-71.
[44] Mangiapane S, Blettner M, Schlattmann P. Aspirin use and breast cancer risk: a metaanalysis and meta-regression of observational studies from 2001 to 2005.
Pharmacoepidemiology and Drug Safety 2008;12:115-24.
[45] Li Y, Brown PH. Translational approaches for the prevention of estrogen receptornegative breast cancer. European Journal of Cancer Prevention 2007;16:203-15.
[46] Cuzick J. Chemoprevention of breast cancer. Breast Cancer 2008;15:10-6.
[47] Im JY, Park H, Kang KW, Choi WS, Kim HS. Modulation of cell cycles and apoptosis by
apicidin in estrogen receptor (ER)-positive and-negative human breast cancer cells.
Chemico-Biological Interactions 2008;172:235-44.
[48] Hsieh C-C, Hernández-Ledesma B, de Lumen BO. Lunasin, a novel seed peptide,
sensitizes human breast cancer MDA-MB-231 cells to aspirin-arrested cell cycle and
induced-apoptosis. Chemico-Biological Interactions 2010;186:127-34.
[49] Strahl BD, Allis CD. The language of covalent histone modifications. Nature
2000;403:41-5.
[50] Sutherland RL, Musgrove EA. Cyclins and breast cancer. Journal of Mammary Gland
Biology and Neoplasia 2004;9:95-104.
[51] Park K, Choi K, Kim H, Kim K, Lee MH, Lee JH, Rim JCK. Isoflavone-deprived soy
peptide suppresses mammary tumorigenesis by inducing apoptosis. Experimental and
Molecular Medicine 2009;41:371-80.
[52] Lanas A, Bajador E, Serrano P, Fuentes J, Carreño S, Guardia J. Nitrovasodilators, lowdose aspirin, other nonsteroidal antiinflammatory drugs, and the risk of upper
gastrointestinal bleeding. New England Journal of Medicine 2000;343:834-9.
[53] Laine L. Review article: Gastrointestinal bleeding with low-dose aspirin: What’s the
risk? Alimentation and Pharmacology Therapy 2006;24:897-908.
[54] Hsieh C-C, Hernández-Ledesma B, de Lumen BO. Lunasin-aspirin combination against
NIH/3T3 cells transformation induced by chemical carcinogens. Plant Foods for Human
Nutrition 2011;66:107-13.
[55] Kubo I, Ochi M, Vieira PC, Komatsu S. Antitumor agents from the cashew (Anacardium
occidentale) apple juice. Journal of Agricultural and Food Chemistry 1993;41:1012-5.

1997-2012: Fifteen Years of Research on Peptide Lunasin 21

[56] Sung B, Pandey MK, Ahn KS, Yi TF, Chaturvedi MM, Liu MY, Aggarwal BB. Anacardic
acid (6-nonadecyl salicylic acid), an inhibitor of histone acetyltransferase, suppresses
expression of nuclear factor-κB-regulated gene products involved in cell survival,
proliferation, invasion, and inflammation through inhibition of the inhibitory subunit of
nuclear factor-κB kinase, leading to potentiation of apoptosis. Blood 2008;111:4880-91.
[57] Hsieh C-C, Hernández-Ledesma B, de Lumen BO. Cell proliferation inhibitory and
apoptosis inducing properties of anacardic acid and lunasin in human breast cancer
MDA-MB-231 cells. Food Chemistry 2010;125:630-6.
[58] Kim YS, Milner JA. Dietary modulation of colon cancer risk. Journal of Nutrition
2007;173:2576S–9S.
[59] Dia VP, de Mejia EG. Lunasin induces apoptosis and modifies the expression of genes
associated with extracellular matrix and cell adhesion in human metastatic colon cancer
cells. Molecular Nutrition and Food Research 2011;55:623-34.
[60] Dia VP, de Mejia EG. Lunasin potentiates the effect of oxaliplatin preventing outgrowth
of colon cancer metastasis, binds to a5b1 integrin and suppresses FAK/ERK/NF-B
signaling. Cancer Letters 2011;313:167–80.
[61] Dia VP, de Mejia EG. Lunasin promotes apoptosis in human colon cancer cells by
mitochondrial pathway activation and induction of nuclear clusterin expression. Cancer
Letters 2010;295:44-53.
[62] Dittmar T, Heyder C, Gloria-Maercker E, Hatzmann W, Zanker KS. Adhesion molecules
and chemokines: the navigation system for circulating tumor (stem) cells to metastasize
in an organ-specific manner. Clinical and Experimental Metastasis 2008; 25:11-32.
[63] Kasteng F, Sobocki P, Svedman C, Lundkvist J. Economic evaluations of leukemia: a
review of the literature. International Journal of Technology Assessment in Health Care
2007;23:43-53.
[64] de Mejia EG, Wang W, Dia VP. Lunasin, with an arginine-glycine-aspartic acid motif,
causes apoptosis to L1210 leukemia cells by activation of caspase-3. Molecular Nutrition
and Food Research 2010;54:406-14.
[65] Strope SA, Andriole GL. Update on chemoprevention for prostate cancer. Current
Opinion in Urology 2010;20:194-7.
[66] Galvez AF, Huang L, Magbanua MMJ, Dawson K, Rodriguez R. Differential expression
of thrombospondin (THBS1) in tumorigenic and nontumorigenic prostate epithelial
cells in response to a chromatin-binding soy peptide. Nutrition Cancer 2011;63:623-6.
[67] Kuper H, Adami HO, Trichopoulos D. Infections as a major preventable cause of
human cancer. Journal of International Medicine 2000;248:171-83.
[68] Allavena P, Garlanda C, Borrello MG, Sica A, Mantovani A. Pathways connecting
inflammation and cancer. Current Opinion in Genetics Development 2008;18:3-10.
[69] Hernández-Ledesma B, Hsieh C-C, de Lumen BO. Anti-inflammatory and antioxidant
properties of peptide lunasin in RAW 264.7 macrophages. Biochemical and Biophysical
Research Communications 2009;390:803-8.
[70] Dia VP, Wang W, Oh VL, de Lumen BO, de Mejia EG. Isolation, purification and
characterization of lunasin from defatted soybean flour and in vitro evaluation of its
anti-inflammatory activity. Food Chemistry 2009;114:108-15.
[71] de Mejia EG., Dia VP. Lunasin and lunasin-like peptides inhibit inflammation through
suppression of NF-kB pathway in the macrophage. Peptides 2009;30:2388-98.

22 Bioactive Food Peptides in Health and Disease

[72] Larkins TL, Nowell M, Singh S, Sanford GL. Inhibition of cyclooxygenase-2 decreases
breast cancer cell motility, invasion and matrix metalloproteinase expression. BMC
Cancer 2006;6:181.
[73] Liu CF, Pan TM. Recombinant expression of bioactive peptide lunasin in Escherichia coli.
Applied Microbiology and Biotechnology 2010;88:177-86.
[74] Ames BN, Shigenaga MK, Hagen TM. Oxidants, antioxidants, and the degenerative
diseases of aging. Proceedings of the National Academy of Sciences of USA
1993;90:7915-22.
[75] Khan N, Afaq F, Mukhtar H. Cancer chemoprevention through dietary antioxidants:
progress and promise. Antioxidant & Redox Signaling 2008;10:475-510.
[76] Jeong JB, de Lumen BO, Jeong HJ. Lunasin peptide purified from Solanum nigrum L.
protects DNA from oxidative damage by suppressing the generation of hydroxyl
radical via blocking fenton reaction. Cancer Letters 2010;293:58-64.
[77] Hernández-Ledesma B, Espartosa DM, Hsieh C-C, de Lumen BO, Recio I Role of
peptide lunasin’s antioxidant activity on its chemopreventive properties. Annals of
Nutrition and Metabolism 2011;58:354.
[78] Seber LE, Barnett BW, McConnell EJ, Hume SD, Cai J, Boles K, Davis KR. Scalable
purification and characterization of the anticancer lunasin peptide from soybean. PLoS
ONE 2012;7:e35409.
[79] Rizzello CG, Nionelli L, Coda R, Gobbetti M. Synthesis of the cancer preventive peptide
lunasin by lactic acid bacteria during sourdough fermentation. Nutrition and Cancer
2011;64:111-20.
[80] Kyle S, James KAR, McPherson MJ. Recombinant production of the therapeutic peptide
lunasin. Microbial Cell Factories 2012; 11:28.

